Background
==========

HAIR-AN syndrome, namely the combination of hyperandrogenism, insulin resistance and acanthosis nigricans although a rare nosologic entity, represents an extreme case of polycystic ovary syndrome (PCOS). Indeed the cardinal features of PCOS such as clinical and biochemical hyperandrogenism, severe insulin resistance, chronic anovulation and metabolic abnormalities dominate HAIR-AN phenotype. The characteristic acanthosis nigricans, namely the velvety, hyperpigmented patches of skin observed usually in the axilla or the neck of patients, should be attributed to the long-term exposure of the keratinocytes to insulin. Actually, in human keratinocytes, receptors for both insulin and insulin-like growth factors have been found on their surface. HAIR-AN management is challenging, since classic therapeutic modalities usually applied in PCOS such as metformin or oral contraceptives seem inefficacious to adequately control the symptoms. However, the advent of GLP-1 analogues and their successful use not only in patients with type 2 diabetes, but also in cases of PCOS with morbid obesity, guide us to the use of liraglutide in a series of women suffering from of HAIR-AN, an approach never introduced before to the best of our knowledge.

Case presentation
=================

Five women with HAIR-AN visited our outpatient clinic due to severe chronic oligomenorrhea, accompanied with hyperandrogenic signs (acne and hirsutism) and acanthosis nigricans in both neck and the axilla. The mean age of the studied subjects were 29 ± 2.4 years and their mean BMI 31 ± 3.5 kg/m^2^.

Investigation
=============

In all subjects a complete biochemical/hormonal profile between 3 and 7 days after a spontaneous bleeding episode and body fat analysis (total and trunk) was performed (Tanita BC 418). Additionally, an 75 g oral glucose tolerance test (OGTT) with estimation of insulin levels at basal and 30-, 60-, 90- and 120-min intervals was carried out. No woman reported use of any medication during the last semester that could interfere with the normal function of the hypothalamic-pituitary-gonadal axis, including metformin. The IR indices, HOMA-IR, Matsuda index and area under the curve for glucose (AUC Glucose) and Insulin (AUC Insulin) were calculated. The degree of hirsutism was evaluated with the use of Ferriman--Gallway score (FG score).

Treatment
=========

In all patients, liraglutide at a dose 1.8 mg/day was administered subcutaneously for a mean duration of 14 ± 4 months. During the study period, liraglutide was not available at the dose of 3 mg in Greece and available studies in PCOS have used the 1.8 regimen. No other drug was prescribed to the studied subjects. None of the patients used metformin 3 months prior to treatment. Informed consent was obtained from all women and the study was approved by the institutional review board. The study met the requirements of the 1975 Helsinki guidelines.

Outcome and follow-up
=====================

In all participants, a statistical significant decrease of insulin resistance index HOMA-IR, androgen levels, with significant improvement of fat deposition, menstrual cycle pattern and the degree of hirsutism was disclosed (*P* \< 0.05 for all comparisons). Furthermore, one woman became pregnant during liraglutide treatment giving birth to a healthy child. Liraglutide was discontinued when pregnancy was certified. None of the patients reported severe nausea and vomiting, and none of them discontinued liraglutide administration due to drug side effects. Pertinent data of the studied population and comparisons before and post treatment are depicted in [Table 1](#tbl1){ref-type="table"}. Table 1Pertinent findings of the patients before and post liraglutide administration.BeforePost-liraglutide Rx*P*Weight (kg)92.80 ± 13.7889.25 ± 6.100.13BMI (kg/m^2^)31 ± 3.5130 ± 2.830.28Total Fat (%)43.12 ± 4.6939.25 ± 1.370.035Trunk Fat (%)42.32 ± 4.9637.00 ± 1.580.019Menstrual cycles/year6 ± 0.8110.33 ± 0.880.002FG-score12.25 ± 1.258.75 ± 0.470.003Cholesterol (mg/dL)186.51 ± 10.47172.23 ± 13.560.26HDL (mg/dL)41.75 ± 4.6238.23 ± 5.720.34LDL (mg/dL)108.81 ± 5.12112.64 ± 6.230.28Triglycerides (mg/dL)168.3 ± 13.82161.47 ± 12.870.31Glucose (mg/dL)85.25 ± 5.2587.75 ± 7.000.43Insulin (pmol/L)39.25 ± 4.82022.44 ± 5.3680.0006HOMA-IR8.388 ± 1.3275.118 ± 1.4370.0003AUC GLU15065 ± 183315818 ± 36590.82AUC INS23764 ± 246717723 ± 33410.021MATSUDA index1.015 ± 0.0611.44 ± 0.250.25FSH (IU/L)4.70 ± 0.634.55 ± 0.330.34LH (IU/L)6.52 ± 2.525.82 ± 0.680.46E2 (pg/mL)49.63 ± 6.2745.14 ± 7.640.62Testosterone (ng/dL)1.02 ± 0.080.63 ± 0.120.027SHBG (nmol/L)28.50 ± 0.6625.23 ± 8.820.34Androstenedione (ng/dL)3.17 ± 0.342.65 ± 0.490.03DHEAS(μg/dL)274 ± 4.62238 ± 38.430.31170HP (ng/dL)0.95 ± 0.0520.84 ± 0.0430.28

Discussion
==========

HAIR-AN, the syndrome defined by the acronyms of Hyperandrogenism, Insulin resistance and Acanthosis nigricans, is divided to type A and B, with regard to whether the severe insulin resistance is either inherited (A) or acquired (B) ([@bib1]). However, in both cases, acanthosis nigricans, namely velvety, hyperpigmented patches of skin is observed, especially in the neck and axilla, due to the long-term exposure of the keratinocytes to insulin ([@bib2]). Hyperinsulinaemia dominates the clinical and biochemical manifestation of patients suffering from the syndrome. As it is well known from PCOS pathophysiology, insulin and androgens potentiate each other's action and thus a perpetuating vicious circle of chronic anovulation and hyperandrogenic signs followed by a male pattern fat deposition is expected in patients suffering from HAIR-AN ([@bib3], [@bib4]).

Liraglutide is a long-acting GLP1 analog with 97% linear amino acid sequence homology to human GLP1 and a half-life of 13 h. This molecule exerts pleiotropic actions in metabolism, as it increases glucose-dependent insulin secretion, decreases glucagon secretion, slows gastric emptying and increases satiety ([@bib5]). Furthermore, few small studies conducted in PCOS women of either liraglutide or exenatide have shown promising results regarding the attenuation of insulin resistance, the degree of hyperandrogenemia and the restoration of menstrual cyclicity ([@bib6], [@bib7], [@bib8], [@bib9]). Additionally, clinical trials in diabetics have shown that liraglutide in the dose of 1.8 mg/day effectively decreased vascular fat mass ([@bib10]).

These properties suggest that liraglutide could be a strong candidate and guided our decision for its use in the management of HAIR-AN. Actually, it was revealed that long-term liraglutide administration is safe and effective in women with HAIR-AN, as the degree of hirsutism, fat deposition and menstrual cyclicity were significantly improved. These phenomena could be attributed to the decrease of insulin and androgen circulating levels observed in this group of patients. It has to be emphasized that there was no significant weight loss during therapy and, accordingly, the previously mentioned changes should be attributed to liraglutide action *per se*. In summary, this study provides evidence that liraglutide may be safely and effectively used in the treatment of women suffering from HAIR-AN.

Patient's perspective
=====================

All the patients were very satisfied with their menstrual cycle normalization, the decrease of hyperandrogenic signs and acanthosis nigricans as well as the lack of feeling bloated.
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